Abstract: Leech taxonomy is based on unstable morphological characters. The overall level of genetic variability and species differentiation is unknown. Using the RAPD assays genetic diversities and genetic similarities were estimated in twelve species collected in North-Eastern Poland and representing three families and five subfamilies. Ten primers revealed 204 reproducible bands. Genetic diversities varied from 0.099 to 0.219 classifying studied species among variable invertebrates. Total 45 markers comprised 22% of all amplified bands were unique for species thus enabling their identification. Genetic similarities among species (0.528-0.811) evidenced several stages of differentiation, which is mirrored in the current taxonomy. The UPGMA and multidimensional scaling (nMDS) based on our RAPDs are congruent and reflected traditional division into "Rhynchobdellida" and Arhynchobdellida. The RAPD approach proved to be an effective tool in population and evolutionary studies of leeches. For the first time, genetic parameters were estimated enabling to compare leeches with outcomes from other animals.
Introduction
Leeches (Hirudinea) are highly specialized hermaphroditic annelids widely distributed on all continents but Antarctica. The Holarctic realm with a half of 91 genera and the highest number of species is the richest and the most diverse region. Out of 676 species, 71% are important components of freshwater ecosystems, 15% are marine and slightly less, 14% are terrestrial organisms (Sket & Trontelj 2008) . Leeches play important role as invertebrate predators like members of the family Erpobdellidae (Pfeiffer et al. 2005) . However, most are famous as ectoparasitic bloodsuckers with the best-known "medicinal leeches", which have attracted therapeutic applications for centuries. Several species from the Glossiphoniidae family are also of commercial interests owing to anticoagulative properties of the salivary secretions, antistasin, ghilanten, lefaxin, therostatin, for instance (Siddall et al. 2011 ). Many species feed on fishes and birds, frequently transmitting viruses, bacteria and intracellular parasites, thus triggering diseases. Unfortunately, a recent renaissance in leech applications and the knowledge about their genetic variation and evolutionary relationships are largely uncoupled.
Leeches are believed to be primarily freshwater animals derived from oligochaetes, Acanthobdella. They are divided into two orders, "Rhynchobdellida" and Arhynchobdellida (Sket & Trontelj 2008) . Hundreds of species have been described based on shapes, color patterns, eyes and genital openings. Nevertheless, the fact remains that these features are unstable and the level of variability has not been assessed what makes personal experience the most important in delineating species. Such uncertainties have prompted molecular studies that yielded surprising results on different taxonomical levels. A striking example involves "medicinal leeches". For years, the prevailing view has been that all varieties in Europe represent the same taxon, Hirudo medicinalis (L., 1758). However, RAPD markers revealed a second European taxon, Hirudo verbana (Carena, 1820) (Trontelj et al. 2004) . In another study, a battery of RAPDs suggested a reproductive isolation within the snail leech, Glossiphonia complanata (L., 1758) complex (Verovnik et al. 1999) , whereas AFLPs distinguished morphologically similar erpobdellid leeches (Govedich et al. 1999) . These data imply that leeches diversity is underestimated and a vast of cryptic species waits to be brought to light. One notion is that assessing genetic diversity by means of molecular markers is limited to several, well-known species. Furthermore, comparisons focus on individuals rather than on populations. Consequently, the overall level of genetic variability is largely unknown. Whether observed diversity is typical of conspecific populations or it is a sign of speciation is indeed difficult to decide. In majority of plants and animals, similar doubts have been clarified by means of isoenzymes. Unfortunately, it is not true for leeches and this has necessitated frequent reinterpretation of mor- phologically based wisdom about their taxonomy and evolution. Despite a diverse array of molecular approaches available, most leech studies employ nuclear rDNA, mitochondrial cytochrome c oxidase and NADH dehydrogenase subunits to infer phylogenetic relationships (Siddall 2002; Williams & Burreson 2006) . One advantage of sequence analyses is that they give first insights into molecular diversity of leeches; a disadvantage is that they do not represent intraspecific and intrapopulational variation. Furthermore, they tag only a tiny portion of genomes passing over prevailing, highly variable repetitive and transposon sequences. Molecular methods only in combination provide powerful characters for delineating clades, thus each estimation from any single-gene sequence needs corroboration from additional loci. The technically straightforward random amplified length polymorphism (RAPD) has frequently been used to detect variation and discriminate morphologically similar, closely related taxa (Polok et al. 2005b; Szczecinska et al. 2006; Baczkiewicz et al. 2008) including leeches (Verovnik et al. 1999; Trontelj et al. 2004) . If properly done, RAPDs offer a quick way of screening potential molecular markers from many loci in many individuals. Estimated genetic variation parameters are comparable to these derived from enzymatic data (Nybom 2004) . In another survey, a battery on nearly 3000 DNA markers was used to assess genetic similarities and resolve evolutionary relationships among species from the genus Lolium as well as between Lolium and representatives of Poeae, of which the taxonomic position was well grounded (Polok 2007) . Both Nei's genetic similarities and phylogenetic trees based on RAPDs did not differ from these revealed by ISJ (Intron Splice Junctions marker), AFLP (Amplified Fragment Length Polymorphism), B-SAP (Bacteria Specific Amplification Polymorphism), DNA transposons, retrotransposons as well as organelle DNA hence providing usefulness of RAPDs in resolving relationships even at higher taxonomic levels. The RAPDs are of great importance in less studied taxa (Liu et al. 2007; Boulila et al. 2010; Krebs et al. 2010) , in which sophisticated methods are barely troublesome. The present studies are aimed at assessing the effectiveness of RAPDs in population and evolutionary studies of leeches. Parameters of genetic variation were estimated whenever possible. Genetic divergence of selected leech species was analysed in terms of genetic similarity and species-specific markers. The former gives the crude overview of genetic relatedness; the latter provides tools helpful in species identification.
Material and methods

Surveyed species and sampling
Twelve species were collected in three localities in NorthEastern Poland, the Czarna River Hancza/Turtula ponds (54 • 15 N, 22 • 50 E), a fish pond in Tylkowko (53 • 39 N, 20 • 46 E) and Ukiel Lake in Olsztyn (53 • 47 N, 20
• 29 E) in 2007 and 2008. They belong to two orders, three families, five subfamilies and eight genera (Table 1) . Samples were collected from objects at bottoms of water bodies, fishes and fishing baskets. They were kept in beakers with water while transporting to the laboratory, where they were identified based on morphology (Sample photos are available as supplementary data.). The majority of species were identified only in one locality. For each of them 20 individuals were collected for the analysis. However, three species, namely G. complanata, Hemiclepsis marginata (O.F. Müller, 1774) and Erpobdella testacea (Savigny, 1822) were found in 2-3 locations, so that 2-3 populations represented them. In total, 20 individuals per each population represented these species. Leeches were starved for several weeks to avoid contamination from host/prey DNA found in the gastric regions. Finally, they were frozen at -70
• C until use.
DNA extraction
Total genomic DNA was extracted from the caudal sucker using the modified CTAB method. Briefly, tissues were ground in a mortar with 300 µl of the pre-warm CTAB buffer (2% CTAB, 100 mM Tris-HCl, pH 8.0, 20 mM EDTA, 1.4 M NaCl, 2% β-mercaptoethanol), then transferred into a 1.5 ml Eppendorf tube, to which Proteinase K (final concentration 500 µg ml −1 ) was added to remove proteins. After 1 h of incubation at 65
• C, another portion of Proteinase K was added (final concentration 250 µg ml −1 ) and the mixture was further incubated at 65
• C for 12 h. Afterwards nucleic acids were extracted three times using chloroform-isoamyl alcohol (24:1), precipitated with 96% ethanol, washed and dissolved in sterile, deionized H2O as described by Polok (2007) . RNA was removed with RNAase at a final concentration 200 µg ml −1 . The quality of DNA was verified on 1% agarose while the purity was assessed spectrophotometrically and it ranged between 89% and 98%. The average DNA content in the samples was 42 µg and ranged from 3.25 µg to 89.7 µg depending on the body size.
Primer screening and RAPD-PCR conditions
Twenty ten-nucleotide primers from Operon Technologies (from A, B and D kits) were initially tested in four species, Helobdella stagnalis (L., 1758), Theromyzon tessulatum (O.F. Müller, 1774), Theromyzon maculosum (Rathke, 1862) and E. testacea representing different degrees of taxonomic relationships. Each reaction was done twice using different DNA isolates of the same sample and only primers giving identical results were selected. In total ten primers, giving reproducible and reliable banding patterns were finally selected to analyse 12 species (Table 2 ). These primers gave identical fingerprints for two PCR runs of the same sample.
Each PCR reaction was performed in 20 µl volume containing 20 mM (NH4)2SO4, 50 mM Tris-HCl, pH 9.0 at 25 
Statistical analysis
All bands that could be reliable read were treated as independent loci, and scored either present (1) or absent (0). We assumed that possible, non-homology errors from comigrating bands are random. Such random errors although may reduce the absolute similarities, have not effect on relative similarities nor the relationships among the taxa (Adams & Rieseberg 1998) . The polymorphic products were referred according to the Operon recommendations as follow, A03-1 when referring to a band revealed by the A03 primer and the first band from the anode. Basic genetic parameters were estimated for species collected in more than one locality, namely G. complanata, H. marginata and E. testacea, so that data from multiple populations were available (Table 1 ). The mean number of alleles per locus (Na), effective number of alleles (Ne), percentage of polymorphic loci (P) and the Nei's gene diversity (H) were calculated using the POPGENE 1.32 software (Yeh et al. 2000) . The gene diversity H is equal to the average proportion of heterozygotes in a randomly mating population of diploids and therefore, the parameter is frequently called as "heterozygosity" (Nei 1987) . Diversity was also measured in categorical data using Shannon's diversity (Hpop). This quantity differs from the Nei's gene diversity by calculating the logarithm of allele frequencies instead of their squares. The output is the weighted geometric mean of the average abundance of different alleles. Each parameter was averaged over all both loci and populations to give the total average value for a species. Statistically significant differences among species means of all genetic parameters were tested by the analysis of variance (MANOVA) with the LSD test in the STATISTICA 9.0 software. For a relatively large number of alleles the distribution of parameters is approximately normal, and the ordinary statistics can be used. Nei's (1987) pairwise genetic identities and distance for all 12 species were determined using the POPGENE 1.32. A general point for evolutionary conclusions involves the degree of congruence among clustering derived from different algorithms (Avise 2004) . Accordingly, relationships among leech species were evaluated using UPGMA and nonparametric multidimensional scaling (nMDS) with 3-D visualization. All phylogenetic conclusions were rooted in comparisons between groupings revealed by both methods. The UPGMA amalgamation was based on Euclidean distances derived from the matrix of Nei's similarities. The major assumption underlying UPGMA clustering is that evolutionary rates are equal along all dendrogram branches. Notwithstanding this limitation, UPGMA is often superior to other distance matrix methods in recovering the true tree based on genetic distance/similarity. This is because a distance measure has a smaller coefficient of variation and an averaging feature of UPGMA tends to reduce large stochastic errors (Nei 1987; Nei & Kumar 2000) . Non-parametric multidimensional scaling (nMDS) was based on the matrix of Nei's genetic distances. This is a heuristic method explaining distances in terms of underlying dimensions. Nonmetric MDS based on the Lingoes-Guttman test finds both non-parametric relationships and metric distances between items. In other words, it tests the relationship each variable has to every over variable across all cases. Therefore, it does not depend on a population or evolutionary model fitting any distribution. Also, it produces the 3-D trees that can be viewed from any angle each furnishing better understanding of the relative position and evolutionary distance of each species. nMDS in an iterative process, in which configurations of the data points are produced sequentially. A stress value is calculated for each iteration by comparing the ranked distances between observations in the original data set with the ranked distances between nMDS scores from the ordination. The lower a stress value, the better fit between the ordination and the original data. The procedure runs until a minimum stress value is reached. The algorithm proved to be a powerful method in resolving evolution of grasses from the genus Lolium (Polok 2007 ) and repositioning of rodents, chiroptera and primates in phylogenetic trees (Milner et al. 2004 ). This is a useful approach for a large set of data and with a growing number of molecular data MDS is seen a modern means for resolving phylogenetic trees, which was emphasized by using MDS in monitoring evolution of the largest family of transmembrane receptors (GPCRs) in humans (Pélé et al. 2011) . To visualize evolutionary relation- ships among studied leeches a number of dimensions were reduced from nine to three using the Guttman-Lingoes test. At least 100 iterations were used in each step. In the final run, the best configuration was received after 18 iterations (stress value, 0.009) and this was used for plotting a 3D diagram. The goodness of fit was assessed by the Shepard plot. Both the UPGMA and the nMDS were carried in the STATISTICA 9.0 software.
Results
RAPD variation
RAPD assays revealed 204 reproducible bands ranging from 300 bp to 2200 bp. The number of scored bands per primer was high and varied from 11 (D05) to 26 (B05) with an average of 20.4 (Table 2 ). All amplified bands were polymorphic. Certainly as many as 12 different species contributed to both such a huge number of bands and 100% of polymorphic bands across all samples. Values were significantly lower when calculated per species -on average 50 bands were amplified and 22 (44%) were polymorphic. The highest polymorphism per species revealed the D01 primer (6.7 bands, 54% polymorphic) while the B02 (1.3 bands, 21% polymorphic) the lowest. Bands amplified by three primers, namely B01, B08 and D05, although polymorphic among species, were always monomorphic within a species. A number of amplified bands in studied species ranged from 31 in Alboglossiphonia papillosa (Braun, 1805) to 73 in T. maculosum (Table 3) . Surprisingly, populations of selected species collected from the same water body appeared to produce identical DNA profiles. A striking example involves monomorphic samples of T. maculosum (Fig. 1 ) although they were collected independently in 2007 and 2008 and DNA was separately isolated. By accidence, this observation was fortuitous confirming high reproducibility of RAPDs in the present studies. However, it was a curse disabling estimation of genetic diversities except of species found in different localities, i.e., G. complanata, H. marginata and E. testacea. Among these three taxa G. complanata exhibited the highest and relatively large genetic variability as emphasised by high polymorphism (P = 58%), number of alleles (N a = 1.58 and N e = 1.37) and gene diversity (H = 0.219, H pop = 0.326). This species was twice as variable as H. marginata and E. testacea (Table 4) . By contrary, the latter two species displayed similar values of all genetic variation parameters as demonstrated by polymorphic loci (24% and 30%, respectively) and gene diversities (H = 0.099 and H = 0.125). Explanations: Variation parameters: L -the number of polymorphic loci; P -the percentage of polymorphic loci; Na -average observed number of alleles; Ne -effective number of alleles; H -average Nei's gene diversity (heterozygosity) in a population (Nei 1987) , Hpop -the Shannon's index over loci. I -average Nei's genetic identity among populations (Nei 1987) . Different letters (a, b, c) indicate significant differences among species at P = 0.05 in LSD test. tessulatum; 5, 6 -T. maculosum; 7 -E. testacea 1; 8 -E. testacea 2; 9 -E. octoculata; 10 -E. nigricollis; 11 -G. complanata 1; 12 -G. complanata 2; 13 -G. complanata 3; 14 -G. concolor; 15 -H. marginata 1; 16 -H. marginata 2; 17 -A. papillosa; 18 -P. geometra.
Species specific markers
A follow-up of low band sharing (Fig. 1) provided tallies of markers specific to one species yet absent in others that can help in their identification (Table 3) . Total 45 unique markers comprised 22% of all amplified products. On average 3.8 bands (6.9%) were unique per species. The highest number of unique markers was in two Theromyzon species (8 bands in each). The others possessed from no unique bands as in E. nigricollis to five bands in G. complanata, H. marginata and E. testacea. To pick one setting as an example, a band at the B04-4 and B04-22 loci distinguished two species, P. costata and A. papillosa, respectively. Apart from species specific bands three markers were typical of all members of higher taxa. They involved a band at the A01-13 locus in the subfamily Glossiphoniinae, a band at B02-13 in all representatives of "Rhynchobdellida" and a band at A02-20 typical of all studied Arhyn- chobdellida. However, a caution should be made as the later was represented only by Erpobdella therefore, the marker can be a genus specific as well.
Genetic similarities and cluster analysis
As expected from distinctive fingerprints, pairwise Nei's genetic similarities were low (0.528-0.811), well within the range of values associated with biological species (Table 5) . Unsurprisingly, lower Nei's coefficients were noted for comparisons across different subfamilies than within them, hence confirming the utility of RAPDs for such analyses. Overall, the Glossiphoniinae and Piscicolinae were the least similar as demonstrated by the Nei's coefficient (I = 0.582), statistically lower than between other subfamily pairs. Mean similarities between the other subfamilies (0.603-0.681) did not differ statistically (Table 6 ). Divergence of the Glossiphoniinae and Piscicolinae is also demonstrated by individual comparisons. For instance, I = 0.528 between G. complanata 2 and P. geometra was the lowest among all species pairs. By contrary, similarities within a subfamily were generally higher and for congeners close to values typical of the subspecies level as for pairs E. nigricollis -E. testacea (I = 0.806-0.811), E. octoculata -E. testacea (0.736-0.767) and G. complanata -G. concolor (0.717-0.748). Two Theromyzon species with the Nei's coefficient closer to the level of non-sibling species are exceptions (I = 0.659). With regard to conspecific populations, similarities from I = 0.818 to I = 0.918, much below levels associated with populations, indicated early stages of evolutionary divergence. The G. complanata 3 from Ukiel Lake was the most diverged (Table 5) . Both the UPGMA and multidimensional scaling (MDS) are congruent and grouped species in general agreement with their taxonomic status. On the UP-GMA tree three clades were distinguished (Fig. 2) . First consisted of all Glossiphoniinae but P. costata, second comprised Haementeriinae and Theromizinae and third, Erpobdellinae. Grouping of P. geometra with representatives of Arhynchobdellida on the UPGMA tree was unexpected, however on the MDS plot its position was somewhere in the middle between Glossiphoniinae and Erpobdellinae (Fig. 3) . Likewise, T. maculosum and T. tessulatum were dispersed among different groups on the UPGMA dendrogram while the MDS placed them together. On the other hand, P. costata was always separated from its subfamily Glossiphoniinae. 
Discussion
The knowledge about genetic diversity and evolution of leeches has both theoretical and practical implications. Firstly, this can serve as the basis for taxonomy. Secondly, it implies management recommendations for both predaceous and ectoparasitic species. The point at issue is that leeches generally suffer from the lack of molecular analyses of populations including isoenzymatic studies. With this respect, the present RAPD data are the first estimations of genetic diversity parameters and divergence levels of a wealth of species representing different taxonomic relationships. Likely, the technical reasons are behind scarce population genetic data. They include difficulties in finding a suitable number of populations and material contamination from gastric regions. The former were also encountered in our studies, in which only three species inhabited at least two collection sites thus, only for them genetic diversity could be assessed. The latter can be overcome by starvation for a period. However, this can influence enzymatic activities but not DNA. Recent RAPD analyses providing first data about microevolutionary processes in leeches confirmed their usefulness. Thus, simple and cost effective nuclear DNA markers can be a driving horse of leech population genetic studies as isoenzymes did for many plants and animals.
One common finding is that RAPD markers reveal various levels of polymorphism in three taxa, G. complanata, H. marginata and E. testacea. In all species the percentage of polymorphic loci (24%-58%) and gene diversity (0.099-0.219) fall within ranges recorded in about a thousand of animal and plant populations by means of isoenzymes. The polymorphism is from 10% to 50% whilst average diversities vary from 0.020 to 0.150 (Sole-Cava & Thorpe 1991) . Leech genetic variation is also the same magnitude as in invertebrates, in which the mean coefficient of gene differentiation (H T -H S /H T ) is 0.171 with a range of 0.060-0.263 (Avise 2004) . In contrast to enzymatic data, there are no such summaries for DNA markers but comparative analyses in grasses demonstrate that protein and DNA-based methods describe the same pie of a population history (Polok 2007) .
Among three studied species, G. complanata with P = 58% and H = 0.219 classifies to most variable organisms. Indeed, it evidences as high variation as 44 highly variable marine invertebrates with the mean polymorphism, P = 54% and H = 0.206 (Sole-Cava & Thorpe 1991) . Likely, high RAPD polymorphism in G. complanata mirrors morphological diversity empha-sized by colour variation observed in the population from Lake Ukiel (photos -supplementary data). The other two species, H. marginata and E. testacea are twofold less variable. Although these data can be limited to studied populations, a common belief is that genetic polymorphisms are products of evolutionary forces, life history and ecological factors. If so, these differences would be because of various ectoparasitic proprieties. Among three species, only H. marginata is an obligate parasite of fishes and amphibians and this species is the least variable. Another explanation involves the nature of water bodies. Both H. marginata and E. testacea were not found in Lake Ukiel, from where the most diverse population of G. complanata originated. Postglacial Lake Ukiel, lying nearby a city of Olsztyn, is polluted, littered with bottles, cans and plastics. They are perfect sites to refuge and prey providing especially rich environments for leeches. A final point to consider is that populations inhabiting one water body were monomorphic. From one side leeches are hermaphrodites that may explain the phenomenon, but from the other, the cross-fertilization is predominant. Whatever is the reason; these data corroborate confirmation in more extensive sampling.
Significant challenges when working on leeches both morphologically variable and poorly studied are repeated field collections followed by species identification. This means that different researchers may work on different species still classified under common taxonomic names. In an illustrative example, mtDNA readily separated five distinct species in laboratory strains of Helobdella commonly used in developmental research (Bely & Weisblat 2006) . Therefore, a battery of 45 RAPD markers discriminating studied taxa can find applications in confirming diagnoses based on morphology. This is not to say that DNA fingerprints should replace traditional taxonomy but they rather should complement the data from anatomy, body size and life styles. Notwithstanding such a vast number of unique bands in our study certainly result from sampling diverse taxonomic species, when coupling with low band sharing, they inevitable entail more important conclusions. All studied taxa delineated based on morphology are biological species.
Genetic similarities in studied leeches (0.528-0.811) evidence apparently several stages of speciation process, which is mirrored in the current taxonomy. In principal, the closest taxonomic relationships the highest Nei's similarities were noted. The lowest values in interfamiliar comparisons are a considerable support for reproductive barriers between most species analysed, thus confirming the rationale for their delineation. Unfortunately, the only available leech's estimations are from the G. complanata aggregate, in which RAPD based similarities of 0.57-0.59 led the authors to distinguish the morphs as biological species (Verovnik et al. 1999) . The data are scarce as well for other annelids. Exotic earthworms (Apporectodea) proved to exhibit RAPD similarities from 0.466 to 0.590 (Dyer et al. 1998) . A classic survey in Drosophila willistoni complex demonstrates that Nei's similarities from 0.38 to 0.56 are typical of sibling and non-sibling species with full postzygotic isolation barriers (Avise 2004) . In plants, the mean Nei's identity of 0.66 is associated with obviously reproductively isolated grasses from the genus Lolium and cereals (Polok 2007) . Molecular appraisals employing several categories of DNA markers (RAPD, ISJ, B-SAP) revealed that some liverworts consist of reproductively isolated cryptic species with similarities ranging from 0.182 to 0.690 (Polok et al. 2005a; Baczkiewicz et al. 2008 ).
If we apply the Drosophila model, similarity magnitudes in congeners (0.717-0.811) may imply only a partial isolation. It can not be excluded, however that it is a case of a sudden speciation associated with little changes at the allelic level. Different chromosome numbers in G. complanata and G. concolor as well as in E. octoculata and E. testacea support the conclusion (Table 1) . Chromosome aberrations are most common mechanisms of rapid speciation. Different chromosome numbers inevitable entail at least a partial sterility of putative hybrids, so do reproductive barriers. Three Hirudo species differ in only one chromosome in haploid genomes (n = 12, 13 or 14) yet the hybrids have a very poor reproductive potential (Utevsky et al. 2009 ). One intriguing observation is a relatively high divergence of conspecific populations especially well pronounced in G. complanata but also noticeable in H. marginata and E. testacea. The results are in line of evidences from highly diverged G. complanata in Slovenia (Verovnik et al. 1999 ), E. punctata in northern Arizona (Govedich et al. 1999 ) in addition to high morphological diversities (Sket & Trontelj 2008) . The emerging message is that leech species are evolving and further studies employing more populations and markers are necessary to document a wide spectrum of outcomes.
Studied species grouped much in agreement with traditional taxonomy. Placements of "Rhynchobdellida" and Arhynchobdellida as well as Glossiphoniinae, Haementeriinae and Erpobdellinae are well supported. Nonetheless, conflicting relationships are observed. First, P. geometra, consequently groups with Arhynchobdellida despite the proboscis stated for inclusion into "Rhynchobdellida". Likewise, 18S rDNA and mtDNA, join Piscicolidae with Arhynchobdellida (Apakupakul et al. 1999) suggesting independent evolution of the proboscis in different groups, possible due to several point mutations. Second, P. costata groups with Haementeriinae and Theromizinae instead of Glossiphoniinae. Similar relationships on the rDNA and morphological tree (Siddall et al. 2005 ) may indicate the necessity for regrouping. Third, conflicting positions of T. maculosum and T. tessulatum are difficult to explain. Both species differ in colour (supplementary data), genital openings and distribution. Low genetic identity confirms their split. However, the former has never been studied molecularly and more extensive sampling is necessary for general conclusions.
Finally, the RAPDs provide powerful characters to describe the leech's diversity and genetic similari-ties. The approach enables, for the first time, to look at leeches in the light of outcomes from dozens of living creatures. Despite RAPD usefulness is frequently questioned due to possible co-migration of non-homologous fragments they often perform surprisingly well in recovering proper phylogenetic trees even in distant taxa as exemplified in plants (Polok 2007; Wong et al. 2007 ), fungi (Obornik et al. 2000) and animals (Spiridonova et al. 2008 ). An intriguing point is why RAPDs are so effective. One explanation is randomness of nonhomologous, co-migrating bands that have little effect on relative similarities (Adams & Rieseberg 1998) . Secondly, recent data from Pinus genome suggest transposon origin of at least some RAPD products (Morse et al. 2009 ). It is well documented that transposons are major diversifying forces in eukaryotic genomes (Polok 2007; Oliver & Greene 2009; Polok & Zielinski 2011) but their role in leech evolution remains to be disclosed. Keeping in mind that a comprehensive picture can only be drawn on various data, simple DNA markers such as RAPDs can successfully complement morphological and single gene approaches. Last but not least, DNA assays usually support morphologically based hypotheses. They are the most useful when they address controversial areas. As demonstrated in our studies, leeches are not an exception.
